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Denmarkwas the ﬁrst nation in Europe topromote theuse of FullyDocumented Fisheries (FDF) throughRemote ElectronicMonitoring (REM) and
CCTV camera systems, with pilot schemes in place since 2008. In theory, such a scheme could supplement and even potentially replace expensive
control andmonitoring programmes; andwhen associated with a catch quotamanagement (CQM) system, incentivize positive changes in ﬁshing
patterns in a results-basedmanagement approach. Newdataﬂows are, however, required to ensure the practical implementation of such a scheme.
This paper reviews the quality of the FDF data collected during 2008–2014 and their potential in strengthening information on cod discards. The
analyses demonstrate the improved reporting of discards in logbooks and overall discard reductions, but they also show that some uncertainties
around the absolute estimates of discard quantities have remained. Regular validation of weight estimation methods and close collaboration
between scientiﬁc monitoring and control are important to support the use of reported discards as a reliable source of information. We
discuss the potential of electronic monitoring in the context of the EU landing obligation.
Keywords: catch quota management, data collection, discard, electronic monitoring, Fully Documented Fisheries, landing obligation,
North Sea cod.
Introduction
Around the endof the20th century, Europeanfisherieswere trapped
in a vicious circlewhere lowTotal AllowableCatches (TACs) for cod
led to over quota catches being discarded or landed on the black
market. As a result of these catches being poorly monitored and
quantified, they undermined the quality and reliability of the
stock assessment, leading in turn to even lower TAC advice the
following year (Ulrich et al., 2011; Kraak et al., 2013). This situation
of poor control and monitoring of cod catches has raised political
awareness, and from 2006, a variety of initiatives were launched
to overcome this, including changes in control, management, and
scientific advice.
One of the earliest initiatives to support officially an alternative
results-based approach to the management of cod fisheries was
launched by Denmark in November 2007. The Danish government
put forwardnewobjectives thatwere intended to ensure betterman-
agement, rewarding good practices, and relying less on detailed and
prescriptive technical rules (Regeringen, 2007). In 2008, the Danish
Minister of Fisheries presented a comprehensive proposal to the EU
Council of Ministers, stating that all catches and not only landings
should be counted in the quota (Ministry of Food, Agriculture
and Fisheries, 2009). This was meant to break the circle and
restore the basis for reliable assessment and management of the
depleted stocks, with a specific focus on cod. A requirement for
entering into such a catch quota management (CQM) scheme is
that the entire catch is reported and documented; this is what is
known as Fully Documented Fisheries (FDF).
FDF requires accurate catchdocumentation that can also be veri-
fied for compliance purposes. Therefore, the National Institute of
AquaticResources (DTUAqua) started investigating thepossibilities
for alternative catch monitoring and took the first steps towards
full documentation by electronic observation in late 2007. Remote
Electronic Monitoring (REM) had been implemented in Canada
since the early 2000s (McElderry et al., 2003) and trialled in many
fisheries around the world (cf. the reviews of published and un-
published reports by Mangi et al., 2013, and Wallace et al., 2013).
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A feasibility study (J. Dalskov, unpubl. report) was then conducted in
Denmark in 2008 to understand the technicalities of the REM tech-
nology developed by Archipelago Marine Research Ltd (Victoria,
BC, Canada). Subsequently, a full pilot project combining CQM
principles with REM-based full documentation was initiated for the
period May 2008 to September 2009 (Dalskov and Kindt-Larsen
2009; Kindt-Larsen et al., 2011). Building on the encouraging re-
sults of the feasibility study, the paradigm shift towards CQM and
FDF gained rapid political support at the regional level and was
endorsed by a Joint Statement signed in October 2009 by fishing au-
thorities in Denmark, UK, and Germany who agreed to explore the
scope for a voluntary and incentive-driven management scheme
(Ministry of Food, Agriculture and Fisheries, 2009). This translated
almost immediately into basic changes in the annual TACs and
quota regulation for cod. In early 2010, theEuropeanUnionofficial-
ly made provisions for a CQM scheme for the quotas of cod in the
North Sea, Skagerrak, and Eastern Channel (EU, 2010), stating
that: “Member States may allow vessels participating in initiatives
regarding fully documented fisheries to make additional catches
within an overall limit of an additional 5% of the quota allocated
to that Member State, provided that:
† the vesselmakes use of closed circuit television cameras (CCTV),
associated to a system of sensors, that record all fishing and
processing activities on board the vessel,
† all catches of cod with that vessel are counted against the quota,
including those fish below the minimum landing size,
† the additional catches are limited to 30% of the normal catch
limit applicable to such a vessel”
In 2011, the additional limitwas raised to 12%of the quota allocated
to the Member State and has stayed at that level since. In December
2014, EUandNorwayagreed that 2015wouldbe thefinal yearof this
additional codquota scheme, since the situation in2016will depend
on the implementation processes for the EU Common Fisheries
Policy landings obligation (EU, 2013).
Since 2010, DTU Aqua and the Danish Directorate of Fisheries
(now The Danish AgriFish Agency) have implemented FDF trials
annually (Dalskov et al., 2011, 2012),which have been fully financed
by theMinistryof Food,Agriculture andFisheries and theEuropean
Fisheries Fund. The basic principle of the trials is that participating
fishers must record their cod catches (landings + discards) on a
haul by haul basis. A number of other European nations has also
developed theirownFDF trials in recent years. In2012, FDFfisheries
represented a small proportion of the total fishery in the North Sea
and Skagerrak (ICES Subdivisions IV and IIIaN) (5.6% of total
effort), but they represented a large proportion of the cod catches
(36%, STECF, 2013a). Most of the FDF fisheries occurred in the
main cod gear (otter trawls/seines of ≥120 mm mesh size, TR1),
where they represented almost 30% of the effort and 45% of the
cod catches. Among the countries fishing in the area, the FDF
share was largest for Denmark, where it represented up to 48% of
TR1 effort and 58% of TR1 cod catches.
The FDF trials which have been carried out in European fisheries
have been developed at national level; therefore, there are some
differences among the trials. FDF trials have been conducted
either together with the prohibition of discarding all cod, including
cod under the minimum landing size (Scottish Government, 2011;
Marine Management Organisation, 2013; Needle et al., 2015), or
without [Danish and Dutch (van Helmond et al., 2015) trials,
where all cod is accounted on the quota but discarding of undersize
cod is still allowed]. This nuance underlines that the various con-
cepts of CQM, FDF, and REM are different, although these acro-
nyms are sometimes erroneously used in replacement of each
other. To summarize, a discard ban implies a CQM, but conversely
a CQM does not necessarily require a discard ban (since a CQM
means only that all catch are recorded and accounted for in the
quota, not necessarily that they have to be landed). Similarly,
CQM requires full documentation of catches, but conversely, FDF
does not necessarily require a CQM (since FDF can also be used
for monitoring purposes only without a catch quota, as is, for
example, trialled for bycatch of harbour porpoises; Kindt-Larsen
et al., 2012). Ultimately, REM with CCTV cameras is only one pos-
sible way for controlling the accuracy of FDF; however, other FDF
ways are possible, including observers, self-sampling, reference
fleets, and at-sea control (Mangi et al., 2013; STECF, 2013b).
For theDanish trials,Kindt-Larsen et al. (2011)documented that
the REM technology was working satisfactorily and could deliver
extensive and unbiased control of at-sea activities and initiated
some scientific analysis of the data collected during the earliest
trial in 2008/2009. Since then, the functioning of the trials has
been monitored (Dalskov et al., 2011, 2012), but the accuracy and
the potential scientific value of the data routinely collected has not
been assessed in depth. Therefore, this work aimed to collate and
assess the data collected during the FDF trials and to infer scientific
observations from these data. The analyses were articulated around
two specific questions: (i) can FDF data be trusted? and (ii) can FDF
data help inform about actual catches? Our hypothesis is that if
fishers’ own discards estimates in logbooks could be shown to be
trustworthy, that would represent major progress since the data
would come from a direct and cost-effective source. We further en-
vision that if some randomdiscards samples are regularlybrought to
land by the fishers (an approach currently being trialled in Danish
gillnet fisheries), then a larger sampling coverage could be achieved.
This would then provide additional data on length and weight dis-
tributions using a cheaper and safer method than onboard sam-
pling. Thus, there is a real potential for cost-effective results-based
management, if self-sampling estimates are reliable. This approach
to FDF is an alternative use of REM that we are keen to explore
further, in parallel to the more intuitive approach of using video
data for sampling and monitoring as developed in, for example,
Scotland (Needle et al., 2015).
Material and methods
Description of the trials
This paper deals only with the catches of cod in the North Sea and
Skagerrak, as the Danish CQM trials in other waters have been
more limited in their scope and coverage (including monitoring
of cetaceans bycatches in gillnet fisheries; Kindt-Larsen et al.,
2012). Distinction is made between the North Sea and Skagerrak,
as discarding patterns and codend mesh-size regulations differ
(mesh size ≥120 mm in the North Sea, 90–119 mm in Skagerrak
until 1 January 2013, ≥120 mm or selective panels from 2013).
Participation
Since the first trial, participation has been incentivised by an add-
itional cod quota, but the conditions for this and the number of
participating vessels have changed over time. The first trial was
fully launched in September 2008 and vessels’ cod quota in the
North Sea, Skagerrak, and Kattegat was doubled as an incentive to
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participate. Six vessels participated (one gillnetter, one Danish
seiner, four trawlers). In 2010, the trial was reconducted, but
under less favourable conditions. The quota premium was set to
75% of the estimated discards (using the percentage of the total
catch discarded by the fishery in the previous year) but capped to
amaximum of 30% increase in the vessel’s landing quota according
to theEU(2010) regulation.Afixed set of requirements and rules for
participation was fully established in February 2010, in collabor-
ation with the Danish Fishermen Association (Dalskov et al.,
2011). Seven trawlers participated, but only two vessels from the
first trial chose to continue under this reduced premium in 2010.
The 2011 and 2012 trials were extensions of the 2010 trial to new
vessels (Dalskov et al., 2012). Most vessels joining after 2010 have
stayed in the scheme. New participants were integrated as long as
there was some quota available, but the trial is currently closed for
new entrants. Three vessels stepped out of the trials voluntarily,
and three others stepped out because the vessel stopped fishing for
other reasons.
One vessel from the trial operated mainly in the Baltic Sea and
was removed from the dataset. In total, data are available from 23
vessels (coded A to X) (Table 1).
Technology and data ﬂow
All trialshavebeenperformedusing theArchipelagoMarineResearch
Ltd technology (http://www.archipelago.ca/fisheries/electronic-
monitoring/). No substantial changes in the technological set up
have been implemented since the first trial in 2008. The system con-
sists of a GPS (Global Positioning System), a hydraulic pressure
sensor, a photoelectric drum rotation (winch) sensor, and up to 8
closed circuit cameras (CCTV; of resolution 480×720 pixels and
adjustable frame from one to five pictures per second) providing an
overhead view of the aft deck and closer views of the fish handling
and discard chute areas (Figure 1). Further details on the technology
can be found on Archipelago’s website.
The sensors and cameras are connected to a control box located
in thewheelhouse,whichmonitors sensor status andactivates image
recording. This control box is a computer with data storage capabil-
ity forup to30dof vessel fishingactivity (500GB)and is set to collect
and store sensor data (GPS, hydraulic pressure, and drum rotation)
every 10 s. REM sensor data and image recording is recorded con-
tinuously while the REM system is powered, which in principle
should occur constantly during the entire fishing trip (port to
port). No image recording takes place in port. When the capacity
is full, the REM hard drives from the vessels are collected by staff
from the Danish AgriFish Agency for data storage and interpret-
ation. The analyses of both sensor and video data are performed
using the EM Interpret (EMI) computer software developed by
Archipelago Marine Research Ltd.
The participating skippers must report additional information
in their logbooks, beyond the usual requirements. This includes,
for each individual fishing operation, the recording of date, time
and position of gear shooting, time and position of gear hauling,
total catch in weight (usually visually estimated by the skipper),
weight of retained part of the catch by species, cod discard weight,
and total discardweight forother species.According to theprotocol,
fishers must collect cod discards in standardized baskets and hold
them in front of the cameras for a few seconds before discarding.
This procedure was not always well complied with at the beginning,
but has become increasingly appliedby the crewover time. Landings
and discards have to be uploaded sequentially in two consecutive
Table 1. Summary of the FDF trials.
Vessel Number of trips 08–14 Camera views
Code Type First Year Last Year Before FDF During FDF Number of trips Nbr hauls (EU) Nbr hauls (NO) Nbr trips (NO only)
A Trawler 2010 – 79 170 141 66 190 113
B Trawler 2010 – 173 168 138 45 180 121
C Trawler 2010 2013 103 116 95 74 78 76
D Trawler 2011 – 156 368 159 165 0 0
E Gillnetter 2012 – 346 235 17 17 0 0
F Gillnetter 2012 2013 497 183 45 45 0 0
G Trawler 2011 2014 318 352 188 299 0 0
H Trawler 2011 – 126 188 159 34 310 148
I Trawler 2010 – 127 184 147 34 247 133
J Trawler 2011 – 140 196 159 25 238 143
K Trawler 2010 – 160 570 201 204 3 5
L Trawler 2010 – 49 220 179 169 149 112
M Trawler 2011 – 149 184 154 48 216 136
N Seiner 2011 2012 109 70 48 51 0 0
O Seiner 2011 – 36 72 69 33 87 53
P Seiner 2011 – 56 63 78 78 63 39
Q Trawler 2011 2012 144 41 43 11 91 42
R Seiner 2011 – 37 97 81 44 132 54
S Seiner 2011 2012 111 49 49 9 61 46
T Gillnetter 2012 2014 60 137 62 19 24 53
U Trawler 2010 – 107 289 224 130 220 174
V Trawler 2010 – 63 193 123 57 128 90
X Gillnetter 2011 – 216 25 31 31 0 0
Vessel code and type (in 2014), start and end years in the trials (“–” means that the vessel was still active in the trial in late 2014), total number of trips reporting
cod catches in North Sea and Skagerrak between 2008 and December 2014 (both before and after entering the FDF trials), and number of camera views by the
AgriFish Agency (number of full trips viewed, number of individual hauls in EU and Norwegian waters, and number of trips in Norwegian waters, i.e. when leaving
Norwegian waters after a suite of hauls).
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e-log transmissions.Discard information is then reported separately
in logbooks as a negative landing value.
The Danish AgriFish Agency reviews video footage from 10%
of the hauls carried out by each vessel. The protocol of selection of
hauls to be reviewed has evolved over time and is at present semi-
random, including systematically a reviewof at least one haulwithin
the last five hauls of the trip (when highgrading ismore suspected to
occur). At least 10% of the viewed hauls are cross-checked by more
than one viewer. Viewers estimate cod discards by counting the
number of baskets, using a standard weight of 22–25 kg for full
baskets. When some individual cod are observed in the discard
chute andnot put in a basket, they are lengthmeasuredon the screen
(measurement of the number of pixels calibrated on the vessel’s
bandwidth) and given an approximate weight (¼0.000009×
Length3.0366 for cod between 38 and 115 cm—relation fitted from
Danish commercial samples in 2009, 2328 fish measured), which
is added to the total discard weight. These length–weight para-
meters were checked for consistency with Fishbase estimates
(http://www.fishbase.org, Reference #94,462) and with Danish
commercial samples for the North Sea in 2013 (2770 fish), and
they gave similar results (,5% difference in estimated weight per
length across the three estimates). The total cod weight estimated
by viewers is then compared with the discards estimates reported
in the logbooks. Additional targeted control can be performed if
irregularities are detected.
Video files are stored on the Agency’s server for a period of 3
months before being deleted. DTU Aqua is in charge of the tech-
nological support to ensure the installation and functioning of
the camera systems.DTUAquahas also access to logbooks informa-
tion and upon request can receive copies of the REMdata (EMI files
with sensor information) andof the discard estimates as reported by
the Agency. Video files can also be consulted from the Agency’s
building before their deletion. In practice, it is certain that this div-
ision of work has limited the amount of interactions and scientific
collaborations between both institutes, resulting in little strategic
inclusion of REM into DTU Aqua’s standard data collection
programmes.
Data issues
Scrutinizing the FDFdata available toDTUAqua during the present
study evidenced a number of issues and pitfalls in the data that are
summarized here.
First, the earliest trial in 2008/2009 was rather exploratory and
focused primarily on onboard technology. Unfortunately, the hard-
copies of individual haul data collected during this initial trial and
summarized by Kindt-Larsen et al. (2011) have not been electronic-
ally archived,making it impossible topool together a full time-series
since 2008. Electronic logbooks (e-log) were first introduced in
2010, greatly facilitating the reporting of haul-by-haul information
during the subsequent trials. Therefore, the FDF data (both video
Figure 1. Example of CCTV providing an overhead view of the aft deck and closer views of the ﬁsh handling and discard chute areas for one vessel.
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footage control and logbooks declarations) are only available from
April 2010 (Table 1).
Second, a major challenge in analysing the data comes from the
fact that the Danish cod fisheries occur to a large extent in
Norwegian waters where discarding is prohibited, which causes
major difficulties when handling and reporting discards. Danish
vessels fishing in Norwegian waters must retain fish below the
minimum reference size (MLS) on board while in Norwegian
waters and discard them once back EU waters. Therefore, fish
from several hauls can be discarded at once. Consequently, control
is performed at the haul level in EU waters and at the trip level in
Norwegian waters. Some individual hauls are, however, also moni-
tored inNorwegianwaters toverify for the absenceof discarding and
are thus double counted in the overall estimate for the Norwegian
waters. The dataset had therefore to be analysed for the two waters
separately. Often, both EU and Norwegian waters are visited
during a single trip, rendering it also difficult to accurately estimate
the percentage of the catch which is discarded.
Third, it was realized that the Danish e-log system could induce
some mismatch in the haul-by-haul discard information con-
trolled by the Agrifish Agency. The e-log system does not yet regis-
ter haul ID (although this feature may become compulsory soon).
To register haul-by-haul information, FDF vessels are required to
transmit information after each haul (landings and discards separ-
ately). But if discards arenot systematically reported for every single
haul (typically if no discards occur), the number of lines reported
for landings and discards differ, and discard information can po-
tentially be allocated to a different haulwhen the data are compiled.
This is in principle checked by theAgency using haul time informa-
tion, and hauls without discards estimates are treated as if the fisher
reported zero discards (especially as those are mainly observed
in Norwegian waters). Nevertheless, a slight uncertainty remains
whether the historical hauls viewed by the Danish Agrifish
Agency are rigorously the same as those reported by the fishers.
The actual extent of this issue on historical data cannot be easily
verified and quantified, but this feature is now being corrected
for the incoming data.
Fourth, matching hauls with DTUAqua discard sampling data-
base was usually not possible because of this absence of a standard
haul identifier, so the comparison with observers’ data could only
be done at trip level.
Data analyses
Availability and accuracy of cod discard estimates
Reporting of discards in logbooks for all species above 50 kg has
been in principle compulsory for all EU vessels since 2011, but
largely has not been enforced. Reporting cod discards (including
quantities below 50 kg) is one of the strongest requirements for par-
ticipating in the FDF trials. Reported cod discards in logbooks were
thus compared for those vessels participating in the FDF and those
not, to see whether FDF contributes to increased compliance to this
obligation. It can be argued that this is not a sufficient evidence,
since non-FDF vessels may simply catch less cod than FDF vessels;
however, observers’ data show that non-FDF fisheries still discard
substantial amounts of cod (see also Table 4). Therefore, some
discard amount should in principle be expected to be reported by
the other vessels.
Second, the accuracy of discard estimates was investigated using
three sourcesof information: thosedocumented in logbooks (cover-
ing all FDF trips—referred to as “fishers’ estimates”), AgriFish
Agency video estimates (covering around 10% of trips/hauls—
referred to as “viewers’ estimates”), and those collected by DTU
Aqua’s observers (which can be randomly present onboard on the
basis of the national sampling programme from the EU Data
Collection Framework—referred to as “observers’ estimates”).
Analysing these data simultaneously can help judge their validity and
highlight potential strengths and weaknesses. The desired outcome
would be to observe no differences in the discard estimates across
the different data sources, which would support the option that
fishers’ estimates can subsequently be used as a reliable source of infor-
mationwhen estimating discards (providing that the other sources are
accurate as well).
The data provided by the Agency contains discards estimates
for a subset of hauls viewed on cameras (“fishers’ vs. viewers’”).
In all, 4105 hauls including paired fishers’ vs. viewers’ estimates of
cod discards were available for the period April 2010 to November
2014 (1688 in European waters, 2417 in Norwegian waters).
Additionally, data for 1538 trips when leaving Norwegian waters
(potentially including several hauls) were available. In this analysis,
we concentrated only on discard estimates in absolute value (kg per
haul or trip) to quantify the accuracy of the metric that will subse-
quently be used to compute discards ratios for stock assessment.
Due to the data issues mentioned above, hauls were also aggregated
by trip (same logbook nr, same landings date, but excluding the in-
dividual hauls controlled in Norwegian waters to avoid double
counting) across both EU and Norwegian waters, leading to 2590
paired whole trip estimates (Tables 1 and 2).
Notably, serious infringements occurred for twovessels (CandL),
with systematic underreporting of large quantities of discards over
a 3-month period around the end of a quota year (late 2010–early
2011); those irregularities were spotted by the AgriFish Agency,
who subsequently increased the monitoring of these vessels beyond
the standard 10% control. After the vessels were confronted, their
discard reporting became more consistent with those observed by
the Agency. The Agrifish Agency deducted the amount of cod esti-
mated by the viewers from the two vessels’ quota in that period.
A second dataset gathered all trips where an observer was
onboard a FDF vessel and matched the corresponding fishers’ esti-
mate (directly from logbook) and, when available, the viewers’ esti-
mates (from the previous dataset)with the observers’ estimate.Data
from a total of 51 trips were available for 2012 and 2013, of which 27
reported discards in either fisher’s or observer’s estimates (Table 3).
Two trips (nr. 8 and nr. 31) had extreme discrepancies. Thirteen of
those trips also had a viewer’s estimate available. Simple linear rela-
tionshipswere fitted to describe the consistency between those three
sources of information.
Cod discard ratios and size distribution
The primary use of discard sampling is to provide total discard esti-
mates by me´tier, to be included in stock assessment and manage-
ment advice (e.g. ICES, 2013, STECF 2013a). A decision must
thus be made on which source of information to use for providing
estimates for FDF fisheries. The impact of the uncertainty in
trip-by-trip discard estimates from the previous analyses was inves-
tigated by comparing the overall figures for discards (by weight and
percentages) for the various me´tiers (both FDF and non-FDF),
raised from the various sources of data. Fishers’ estimates for FDF
me´tiers were used as a total absolute value (the sum of discards in
logbooks). The raising of discards from observers’ data was done
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following the standard procedure defined in ICES (2007):
Discard RateTime, Area, Metier, Species
=
∑Weight of discardTrip, Haul,Time,Area,Metier, Species
∑Weight of landingTrip, Haul,Time,Area,Metier
Discard (tonne)Time, Area, Metier, Species
= Landings (tonne)Time, Area, Metier
× Discard RateTime, Area, Metier, Species
Different trips aggregation levels were tested, pooling, or separating
FDF trips from the other sampled trips from the same me´tier.
This comparison of the percentages discarded by FDF vs.
non-FDF vessels was supplemented by comparing the length com-
position of cod in the catches (from commercial categories) for the
FDFvessels before andafter theyentered the trials, thusupdating the
initial findings by Kindt-Larsen et al. (2011).
Results
Availability and accuracy of cod discards estimates
Vessels participating in FDF represent only few per cent of the total
number of vessels reporting cod landings (4–5% in Skagerrak,
6–9% in the North Sea). However, the percentage of total cod
landing by FDF vessels is considerably higher (around 20% in
Skagerrak and 40% in North Sea, Figure 2), indicating that the
vessels entering the FDF trials were targeting cod. There is a striking
contrast regarding compliance to theobligation to report discards in
logbooks. All FDF vessels have reported discards in logbooks, and
they have been almost the only ones to do so. They represented
90–100% of discard reports in number of vessels and close to
100% in tonnage. For vessels participating in FDF, the percentage
of cod catch weight reported to be discarded has fluctuated
around 1.5–3% in Skagerrak and between 0.5 and 1.5% in the
North Sea. FDF vessels have also reported discards for other
species. These are usually unsorted (total discards other than cod,
around 50 t by year in average for all FDF vessels), although some
specific discard records of herring, hake, Norway pout, haddock,
and grey gurnard have been observed in logbooks.
Many hauls were assessed to occur without discarding of cod
(Table 2). In European waters, both fishers and viewers agreed on
no discards occurring in 50% of the hauls (and 70% in Norwegian
waters). When leaving Norwegian waters (aggregation of several
hauls), nodiscardswere reportedbyeither sources in26%of the trips.
The direction and magnitude of the discrepancies for each
paired estimate were investigated in more details, characterizing
whether the viewer reported discards but not the fisher (“fisher ¼
0”), whether the fisher reported discards but not the viewer
(“viewer ¼ 0”), orwhether bothdid report discards butwithdiffer-
ent quantities (“fisher&viewer.0”) (Table 2). For all areas and years,
fishers reported ,40 kg of cod discarded in half of the paired esti-
mates, and ,100 kg in 85% of those. Discrepancies between fishers
and viewers were generally small, with half of them being within
+5 kg (Figure 3). The consistency increased over time, with major
deviations observed in 2010 and 2011 (illustrating the magnitude
of the two observed 3-month infringement periods). From 2012
to 2014, almost 90% of the differences lay within the range of
+50 kg.When removing the two 3-month periods of discard under-
reporting from the two vessels, the difference between fishers and
viewers were not significative (p. 0.05 with paired two-sample
Wilcoxon test, 95% confidence interval between [21,3] with 100
000 bootstrap replicates).
Second, the accuracy of the basketting estimation method used
by both fishers and viewers was investigated by comparing with
observers’ estimates for the same trips when available (Table 3,
Figure 4). Someoccurrenceswhereno codwerediscardedwere con-
firmed by observers (24 trips, mainly for gillnets). For those other
trips where discarding did take place, fishers’ estimates were
Table 2. Number of paired discard estimates per water (European or Norwegian), observations type (haul by haul or trip by trip) and year,
characterizing the discrepancies between ﬁshers’, and viewers’ cod discard estimates.
Water Year ﬁsher&viewer>0 ﬁsher&viewer5 0 ﬁsher5 0 viewer5 0 Total
EU (haul) 2010 2 39 12 13 66
2011 88 243 162 47 540
2012 41 211 167 32 451
2013 43 193 116 23 375
2014 5 157 83 11 256
NO (haul) 2010 0 167 8 14 189
2011 34 477 137 93 741
2012 25 417 140 66 648
2013 16 400 79 61 556
2014 8 220 33 22 283
NO (trip) 2010 14 41 28 34 117
2011 225 90 19 91 425
2012 228 113 19 63 423
2013 182 115 13 96 406
2014 100 38 5 24 167
whole trip 2010 17 66 39 44 166
2011 278 237 93 110 718
2012 274 231 140 83 728
2013 218 245 107 112 682
2014 108 107 53 28 296
“ﬁsher&viewer.0”, both the ﬁsher and the viewer have reported discards; “ﬁsher&viewer ¼ 0”, both the ﬁsher and the viewer have reported zero discards;
“ﬁsher ¼ 0”, the ﬁsher has reported zero discard but the viewer has reported discards; “viewer ¼ 0”, the viewer has reported zero discard but the ﬁsher has
reported discards.
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significantly lower (p , 0.005) than observers’ estimates (around
half of the value on average). When viewers’ estimates were
also available for the same trips (13 trips), those estimates were
slightly lower than the fishers’ (85%), but not significantly different
(p ¼ 0.86).
Percentages of cod discarded and size distribution
The implications of these differences in weight estimation were
investigated by raising cod discards (percentages and weights)
from 2012 and 2013 for the main trawl fisheries in North Sea
and Skagerrak (Table 4). Obviously, discard estimates were quite
sensitive to the method used. However, two main findings emerged:
first, the census sums of discards written in logbooks in the FDF fish-
eries were lower than the estimates coming from observers’ trips, as
could be expected from the previous observations (e.g. 1 vs. 4% in
the North Sea, 3 vs. 8% in the Skagerrak in 2012). It cannot be fully
determined whether this was due to an underestimation from the
vessel side or an overestimation from the observer side, as both
Table 3. Percentage of cod catches discarded by trip (in kg) for the FDF trips with observers onboard in 2012 and 2013.
Trip Year Area Gear Raising Factor Observers’ estimates Fishers’ estimates Viewers’ estimates
1 2012 North Sea Danish Seine 1.5 3.7 0
2 2012 North Sea Danish Seine 2.89 0.1 0 0.1
3 2012 North Sea Danish Seine 1.75 0.9 0 0
4 2012 North Sea Danish Seine 2.33 0
5 2012 North Sea Danish Seine 3 0
6 2012 North Sea Gillnet 1 0.3 0.4
7 2012 North Sea Otter Trawl 2.57
8 2012 North Sea Otter Trawl 2.33 13.6 0
9 2012 North Sea Otter Trawl 2.33 0.5 0
10 2012 North Sea Otter Trawl 2.5 11 4.9 4.2
11 2012 North Sea Otter Trawl 2.5 11.9 4.4 6.1
12 2012 North Sea Otter Trawl 2.33 9.4 2.1 0
13 2012 Skagerrak Gillnet 1 0 0
14 2012 Skagerrak Gillnet 1 0 0
15 2012 Skagerrak Gillnet 1 0 0
16 2012 Skagerrak Gillnet 1 0 0
17 2012 Skagerrak Gillnet 1 0 0
18 2012 Skagerrak Gillnet 1 0.4 0
19 2012 Skagerrak Gillnet 1 0 0
20 2012 Skagerrak Gillnet 1 0 0
21 2012 Skagerrak Gillnet 1 0 0
22 2012 Skagerrak Gillnet 1 0 0
23 2012 Skagerrak Gillnet 1 0 0
24 2012 Skagerrak Gillnet 1 0 0
25 2012 Skagerrak Gillnet 1 0.4 0
26 2012 Skagerrak Otter Trawl 2 4.9 4.1
27 2013 North Sea Danish Seine 2.6 0.1 0 0
28 2013 North Sea Danish Seine 2.33 0 0
29 2013 North Sea Danish Seine 2.25 3 0 0
30 2013 North Sea Gillnet 1.5 0.5 0.3 0.7
31 2013 North Sea Otter Trawl 1.89 21.1 0.5
32 2013 North Sea Otter Trawl 1.8 1.8 2.7 2.5
33 2013 North Sea Otter Trawl 1.83 1.7 1.7 1.3
34 2013 North Sea Otter Trawl 2 0 1.8
35 2013 North Sea Otter Trawl 2 2.8 1.7 2.2
36 2013 North Sea Otter Trawl 1.67 7 4.6
37 2013 North Sea Otter Trawl 2.6 1.1 0.2
38 2013 North Sea Otter Trawl 2.86 3.9 1
39 2013 North Sea Otter Trawl 2.67 0.1 0 0
40 2013 Skagerrak Gillnet 1 0.1 0
41 2013 Skagerrak Gillnet 1 0 0
42 2013 Skagerrak Gillnet 1 0 0
43 2013 Skagerrak Gillnet 1 0.8 0
44 2013 Skagerrak Gillnet 1 0 0
45 2013 Skagerrak Gillnet 1
46 2013 Skagerrak Gillnet 1 0 0
47 2013 Skagerrak Gillnet 1
48 2013 Skagerrak Gillnet 1 0.2 0
49 2013 Skagerrak Gillnet 1 0 0
50 2013 Skagerrak Gillnet 1 0 0
51 2013 Skagerrak Otter Trawl 2 3.3 2.3
The raising factor is the coefﬁcient for raising the number of hauls observed to the entire trip.
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estimates bear some uncertainties. Second, while FDF discard levels
were still uncertain, they were nevertheless much lower than the
levels observed in the corresponding non-FDF fisheries (e.g. 21% in
theNorthSea,54%intheSkagerrak in2012). FDFhas inducedsignifi-
cantdiscards reduction, sowe can expect that the overall impact of the
uncertainty around discard estimates for these fisheries on stock as-
sessment outcomes and on management decisions has also reduced.
This pattern was corroborated by observing how FDF trials
affected cod size composition. The average size composition of
cod landings by market category for the period 2008–2014 was
Figure 2. Coverage in cod information available in logbooks regarding number of vessels (four left panels) and tonnage (four right panels) for FDF
vessels (black) vs. non FDF vessels (grey), by year (2008–2014, x-axis), area (horizontal panels), and catch type (landings in top line panels, discards in
bottom line panels).
Table 4. Total cod landings and discards (in tonnes) and corresponding discards ratio (%) by area and me´tier (FDF vs. non-FDF) using
different estimation methods.
Area Me´tier Discard estimation method Year
Number of
observed trips Landings (t) Discard (t)
Discards
ratio (%)
North Sea OTB ≥120 mm non-FDF Raising from non-FDF observers
trips
2012 4 704 182 21
2013 4 672 187 22
North Sea OTB ≥120 mm non-FDF Raising from both FDF and
non-FDF observers trips
2012 10 704 96 12
2013 13 672 106 14
North Sea OTB ≥120 mm FDF Raising from FDF observers trips 2012 6 1557 66 4
2013 9 1620 123 7
North Sea OTB ≥120 mm FDF Sum of estimates from logbooks 2012 Census 1557 15 1
2013 Census 1620 9 1
North Sea OTB ≥120 mm FDF Raising from both FDF and
non-FDF observers trips
2012 10 1557 111 7
2013 13 1620 121 7
Skagerrak OTB 90–119 mm
non-FDF
Raising from non-FDF observers
trips
2012 35 1235 1431 54
2013 33 1154 747 39
Skagerrak OTB 90–119 mm
non-FDF
Raising from both FDF and
non-FDF observers trips
2012 36 1235 1418 53
2013 34 1154 713 38
Skagerrak OTB 90–119 mm FDF Sum of estimates from logbooks 2012 Census 366 10 3
2013 Census 336 7 2
Skagerrak OTB 90–119 mm FDF Raising from non -FDF observers
trips
2012 1 366 30 8
2013 1 336 47 12
Skagerrak OTB 90–119 mm FDF Raising from both FDF and
non-FDF observers trips
2012 36 366 155 30
2013 34 336 116 22
The ﬁrst lines within each category (in grey) highlight the method that was used for providing discard estimates to, for example, ICES and STECF.
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plotted for all vessels before and after entering the FDF trials
(Figure 5). An overall significant increase (p, 0.05 in analysis of
variance) in the mean market category by trip (weighted by
tonnage in each category) was observed formany vessels after enter-
ing the FDF trials, especially for vessels fishing with demersal trawls
and seines. FDF landings comprised significantly larger proportions
of smaller cod [categories 4 (1 to 2 kg fish21) and 5 (0.3 to
1 kg fish21)] than before entering the trial.
Sincemost FDF vessels entered the trials in late 2010–early 2011,
we compared these results with the average changes in cod market
category for all other non-FDF vessels in the same gears and areas,
for the period 2008–2010 vs. 2011–2013 (Figure 5). Although the
means in both periods were significantly different across the much
larger number of observations, the overall size distribution did
not suggest a radical change in the size composition of the landings
of the other vessels that could have indicated a change in the cod
Figure 3. Absolute differences in cod discard estimates (in kg) between ﬁshers and viewers per quantile of paired observations (hauls or trips),
water (European orNorwegian), year, and type of discrepancy: Plain line: “ﬁsher&viewer.0”: both the ﬁsher and the viewer have reported discards;
Dotted line: “ﬁsher ¼ 0”: the ﬁsher has reported zero discard but the viewer has reported discards; Dashed line: “viewer ¼ 0”: the viewer has
reported zero discard but the ﬁsher has reported discards. Plotted capped at (2500 kg), some large negative outliers in 2011 are not displayed.
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population towards younger year classes. Also, the stock assessment
for North Sea cod has not indicated any large year class since 2008
(ICES, 2013). It is therefore likely that the small cod landed within
the FDFs used to be discarded before participants joined the trials.
This is consistent with the findings from the previous analysis.
More in-depthanalyses on the individual changes infishingpatterns
following the FDF introduction are ongoing, but they lie beyond the
scope of the present study.
Discussion
The results obtained herein provide new insights into what the
Danish FDF trials have actually meant for catch monitoring pro-
grammes and for the participating vessels. The Danish FDF trials
aimed to test the feasibility of implementing results-based manage-
ment through CQM, with REM being only the chosen monitoring
tool, and not the ultimate purpose of the trials. Trials have been
run entirely on a voluntary basis, rewarding participationwith add-
itional cod quota. Our general perception is that using REM as a
control and documentation tool for obtaining accurate reporting
of discards in logbooks has great potential as a cost-effective and
wide-covering monitoring programme. However, we also found
that some adjustments would be needed to ensure full effectiveness.
Regarding thefirst aspect, the results presented canbe considered
as a positive and successful demonstration of the concept, having (i)
reduced discards without additional technical rules, (ii) improved
compliance to registering all catches in logbooks, and (iii) enhanced
controllability of the TAC management system. This supports the
use of logbooks as a potentially reliable source of information on
discard weight for FDF vessels. In comparison, this source is com-
pletely useless for other non-FDF vessels under the current low
level of enforcement of this requirement. The control agency has
full video access to all fishing operations, and while it is obvious
that not all hauls can be examined in details, there is nevertheless
a clear possibility to carry out more targeted controls if necessary.
This potential is likely to create a deterrent effect on logbook
misreporting, as control can occur any time after the trip has been
completed.Wehave twocaseswherea simplephonecallmentioning
that somemismatchbetween logbooks andvideo footagewerebeing
observed was enough to raise awareness and return to trustable
reporting.
Regarding the second aspect, our work has, however, raised a
numberofpoints thatwouldneed some further attention.Moreem-
phasis should now be given to the full validation of the accuracy of
the data collected. The discard weights estimated by the different
methods and sources (fishers, viewers, and observers) were differ-
ent, although some improvements have been observed over time.
For the few trips where observers were onboard FDF vessels, the
fishers’ estimates were around half of the observers’ estimates, and
viewers’ estimates were around 85% of fishers’ estimates. We inves-
tigated the reasons for this discrepancy and asked observers and
viewers for their respective protocols. Observers’ estimates depend
on thenumberofhauls sampled, the sizeof samples and subsamples,
and their weighing method. Observers may also use the basketting
method, but we realized that different average basket weights were
routinely used by different measurers, with the observers using a
full basket weight of 30 kg (against 22–25 kg used by fishers and
viewers).Asbothmonitoring schemesare conducted independently
from each other and led by different institutes, this difference had
never been noticed until this present analysis, but its impact may
be important. This raises some questions on the overall validity of
the basketting method, which should be reconsidered. The actual
weight of each basket can fluctuate around the mean value, and
discard baskets may not be weighed by the crew as often as landings
boxes are. Also, viewers have acknowledged that if the camera vision
is reduced because of mist or dirt, the identification of species in
the basket can be difficult and some might be omitted or wrongly
allocated. Additionally, one should keep in mind that counting dis-
cards against the quota maintains an incentive to underreporting if
not properly controlled. It is therefore of utmost importance to
maintain the accuracy of the discards estimation protocol through
Figure 4. Paired cod discard estimates by FDF trip with observers onboard. Left: ﬁshers’ estimate vs. observers’ estimate (trips 8 and 31 omitted).
Right: viewer’s estimate vs. observer’s estimate. Black ¼ 2012. Grey ¼ 2013. Circle: North Sea. Triangle: Skagerrak.
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regular control of weight estimates, both with fishers and with
viewers. Some training had taken place at the early stages of the
first trial, but a protocol for regular validation has clearly been
missing.Historical records cannotbe improved,butbetter attention
is now already being paid to this issue.
Despite these uncertainties, we observed that percentages dis-
carded in FDFs were lower than in the equivalent fisheries without
full documentation. Pragmatically, this means that the impact of
the estimation uncertainty on, e.g. stock assessment and manage-
ment is actually much smaller, because the extent of the issue has
been considerably reduced. Small cod are now landed in larger
quantities, with the additional quota providing the necessary eco-
nomic buffer to reduce the need to highgrade. Nevertheless, DTU
Aqua made use of logbooks data for providing discards data to
ICES and STECF for the Skagerrak FDF fisheries, because of too
few observers’ trips available in this fishery. These data might have
to be re-estimated upwards in the light of the findings of this study.
These analyses provide a timely insight on a controversial topic.
Mangi et al. (2013) reviewed the strengths and weaknesses of alter-
native approaches to FDF.Often, themove toREMsystemshas been
motivated by the idea of replacing onboard observers for scientific
sampling. While this can be sometimes challenging (Wallace et al.
2013),major progress is being achieved. In Scotland, a fullmonitor-
ing programme estimating discards rates for six commercial species
is being implemented (Needle et al., 2015). Automatic image recog-
nition software is being developed to detect bycatch (Kindt-Larsen
et al., 2012) and infer catch composition and length distribution
from video footages (Marine Management Organisation, 2013).
Newer and cheaper REM systems are available (e.g. another
Danish trial launched in 2014 makes use of the REM technology
developed by AnchorLab A/S, http://www.anchorlab.dk/). REM
is proving to be an adequate tool, being considerably more cost-
effective than observers if good coverage is required (Kindt-Larsen
et al., 2012; Dinsdale, 2013), especially after some years when the
initial installation costs have been covered (McElderry, 2014). Its
sustained use in European fisheries is nevertheless uncertain, both
because the applicability of REM is more difficult for large fleets
of small vessels, and because of the ethical questions that the
system raises.Mangi et al. (2013) stated that fisherswouldpotential-
ly prefer using other methods such as reference fleets or self-
sampling. On the contrary, some enquiries conducted by the
Scottish authorities revealed a high degree of satisfaction from the
fishers voluntarily involved in the trials (Scottish Government,
2012). In Denmark, gillnetters have been voluntarily entering FDF
trials without any financial reward (Kindt-Larsen et al., 2012),
being only motivated by the will to demonstrate that they have
limited bycatches of harbour porpoise. Obviously, entering an
FDF needs tomake sense for the skipper to join. In such a voluntary
trial, it is thereforedifficult todisentangle incentives arising fromthe
quota uplift from those arising from the FDF. In particular, it is
interesting that four out of six vessels from the initial trial, who
received a 100% quota premium did not continue when the
premium reduced to 30%, while most of the vessels that joined
after 2009 have remained in the trials since then. Also, one may
think that the voluntary vessels are those already most likely to
comply and keenest to collaborate with scientists. It is thus difficult
to infer how FDFwould work if it would become compulsory for all
vessels, without a quota premium. Nevertheless, experiences in
Canada and USA demonstrated that larger discard reductions had
actually been achieved after that FDF becamemandatory compared
with the initial years when the system was voluntary (McElderry,
2014), because the system became more strictly enforced and
included all vessels, also the less cooperative ones.
In Denmark, the REM system has not been developed as a pos-
sible replacement of scientific observers, but as a compliance tool
oriented towards improved recording of logbook data. There is
Figure 5. Average cod market category by trip (market category
number weighted by the percentage weight of that category to the
total trip’s landings), plotted against vessel ID [gillnet (GNS), trawl
(OTB), and Danish seine (SDN) trips in North Sea and Skagerrak only].
Categories from 1 (largest cod, 7 kg/ﬁsh and above) to 5 (smallest cod,
0.3 to 1 kg/ﬁsh). White, non-FDF trips; grey, FDF trips. Additionally is
shown the average cod market category by trip for non-FDF vessels in
the same gears and areas between 2008 and 2010 (white) and between
2011 and 2013 (grey). Dark grey colour indicates that the two
distributions are signiﬁcantly different (p, 0.05), while pale grey
indicates that they are not.
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thus scope for further scientific use of the data collected. The proper
integration of FDF into the global national sampling scheme is not
straightforward and requires specific focus. In retrospect, we realize
that the statusof theDanishFDFsystemhas remainedunclear, being
considered a scientific trial but with national and EU-widemanage-
ment implications. In such a case, it is important to clarify the dis-
tribution of responsibilities between the scientific and control
institutions to ensure adequate quality proofing and use of the data
(including, for example, storage and access to data, legal obligation
to delete videos, choice of hauls to be monitored, estimation
methods, coupling of FDF data with e-log information, etc.). Also,
the daily follow-up and feedback process with the participating
vessels must be carefully planned. Except for the two main cases
reported above, limited action has been taken when discrepancies
have been observed. Skippers have had concerns whether their data
were of any use. Ultimately, the specific issue of Danish cod fisheries
taking mainly place in Norwegian waters where different rules apply
has been an additional factor of complexity and uncertainty.We have
also observed the pros and cons of the basketting system, and the
challenges for accurately estimating discards weight. In the Scottish
trials, no basketting system is used, since skippers are not required
to perform self-reporting. Discards are monitored on the band.
The absence of cod discards is controlled, and at the same time,
videos can be used to sample other species (Needle et al., 2015).
Interestingly, a more recent FDF trial run in the Netherlands (van
Helmond et al., 2015) combined self-reporting and discards esti-
mated on the band rather thanwith baskets. Large discrepancies bet-
ween the two estimates were observed, and difficulties to monitor
from the video were reported. Basketting imposes additional
burden to the crew, requiring sorting and manipulation of heavy
charges. However, without basketting it is likely more difficult for
the crew to visually estimate discard weight. Obviously, different
options for FDF are possible, with different manners to make use of
video data. It is therefore important to clarify the purposes and the
protocols of the trials with the skippers to reach the desired balance
between data quality and feasibility of the handling onboard.
This study has raised our awareness on such issues, which must
now be addressed. Ways to improve the use of the REM system for
further scientific purposes are now being explored. As a next step
before full video-basedmonitoring and automatic recognition soft-
ware, the combination ofREMwith self-sampling is to be trialled. In
addition to reporting discards andusingREM for the full documen-
tation of the fisheries as presented here, fishers will be asked to bring
to land theentirediscardedportionof anentirehaul followinga stat-
istical sampling scheme. The discards will be subsequently sorted
out and measured at shore. If properly validated and controlled,
this simple systemwould present a number of advantages, including
(i) full census of discard data through 100% trip coverage in log-
books reporting, (ii) less dependence on species recognition when
observing footage, and (iii) biological sampling of discards at
shore integrated at limited additional costs into the usual landings
sampling programme. This alternative use of REM systems could
thus represent a pragmatic and cost-effective approach combining
control and monitoring purposes into one single programme,
reaching a much larger coverage with the same financial resources.
Nevertheless, it is evident that such a system requires a comprehen-
sive and cohesive initial commitment of the industry,managers, and
scientists before reaching these benefits, to ensure efficient and
useful data flows.
In conclusion, the impression of these trials is positive, despite the
technical and institutional challenges. The judicious combination of
CQMwith full catch documentationwhere the burdenof proof relies
on the industry is a promising driver of change. Such a combination
cancreate adecisive shift froma top-downcontrol and commandtoa
bottom-up results-basedmanagement systemproviding bettermon-
itoring, more accurate management and less waste. In the context of
the incoming landing obligation in Europe, we observed from, for
example, the UK trials that REM was even more suitable as a
control tool when no discards are allowed. It is more difficult to
monitorandcontroldiscards thatneed tobequantifiedandreported,
rather than controlling that no discards take place (assuming that
there are no blind spots). The next challenge is to consider the feasi-
bility of the system when discarding of several species must be mon-
itored closely.Mixed-fisheries REM trials have been inplace for some
time in the UK and are now also starting in Denmark. Some FDF
vessels are already reporting discards for other species than cod. It
appears possible, although not always practical, to extend the basket-
ting system to a limited number of commercial species, knowing that
the actual numberof baskets that can be handled differs across vessels
and fisheries. A more comprehensive use of the video data following
the Scottish model is also promising. Based on our experience, we
thus support the sustained use of REM to help implement and
enforce the landing obligation policy.
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